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BACKGROUND 

This invention relates generally to wheel assemblies, and especially to wheel 
assemblies which are employed in ground-engaging driye systems which are used in 
e.g. tracked vehicles and in endless belt conveyors. While the disclosure herein 
focuses on tracked vehicles and endless track drive systems for such vehicles, it will 
be understood that the invention can be employed in other endless track drive 
systems. 

Ground-engaging endless track drive systems in tracked vehicles employ a 
pluraiity-qf-wheel-ass 
traversed by the track in causing the vehicle to move along the ground. Such track 
drive systems can include, for example and without limitation, on each side of the 
vehicle, a drive wheel assembly disposed adjacent e.g. the rear of the vehicle, an idler 
wheel assembly disposed adjacent e.g. the front of the vehicle, and one or more mid- 
roller wheel assemblies backing up the ground-engaging surface of the track between 
the drive wheel assembly and the idler wheel assembly. 

In some embodiments, such track systems employ, as an additional element, 
one or more separate and distinct tensioning wheel assemblies in e.g. an upper 
portion of the track path. In other embodiments, the tensioning function is integrated 
into the operation of one or more of the other wheel assemblies, as a secondary 
function in addition to the primary function of the respective wheel assembly. 

The structures of the several wheel assemblies are typically designed and 
configured according to the specific uses for which each such wheel assembly is to 
be employed. Accordingly, drive wheel assemblies are structured for their driving 
function. 

Idler wheel assemblies are structured for their function of performing a 
significant angle turn of the track, and typically are structured to perform or assist 
with functions related to steering the direction of movement of the vehicle. Since the 
idler wheel assembly generally does not bear the stresses of driving the vehicle, on 
a given vehicle, the idler wheel assemblies are typically less complex, and may be 
less robust, than the drive wheel assemblies. 

Mid-roller wheel assemblies are structured and mounted to provide 
downwardly-directed support of the underlying track, and thus can be spring loaded 
from the frame for such support of the endless track. Mid-roller wheel assemblies 
generally do not perform driving or steering functions. 
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Similarly, tensioning wheel assemblies, not shown in the drawings, are 
structured for typically upwardly-directed support of the track, and thus are also 
typically designed to be spring loaded from the frame. As with mid-roller wheel 
assemblies, tensioning wheel assemblies generally do not perform driving or steering 
functions. 

Thus, while the drive wheel assemblies and the idler wheel assemblies, which 
perform driving and steering functions, are typically relatively more robust, and can 
be more complex, mid-roller wheel assemblies and tensioning wheel assemblies 
typically perform less demanding functions and thus can be somewhat less robust 

-10 ~and-may-be-simplerrn-design— 

Wheel assemblies used in track drive systems typically employ an outer layer 
of elastomeric material, such as rubber, as an outer driving surface. Such elastomeric 
layer is resilient, thus providing at least some cushioning of the vehicle frame from 
the rough terrain over which such vehicles may be operated. In addition, the rubber 
outer surface generates less noise against the track than does a metal outer surface 
of the wheel assembly. Yet further, the elastomeric, e.g. rubber, outer surface of the 
wheel assembly has a higher coefficient of friction than commonly available metal, 
whereby friction driving of the track is facilitated. 

The elastomeric layer of the wheel assembly is typically mounted to a metal 
wheel, which is mounted to a wheel hub, the hub being mounted to a respective axle 
or other mounting shaft. Various structures have been proposed for such mounting 
of the elastomeric layer to the wheel. There are available, for example, as 
conventional structures, entrapping flanges integral with the wheel wherein the 
flanges extend outwardly of, and partially overlie, the outer surface of the elastomeric 
layer, such that the flanges interfere with interface of the elastomeric surface with 
a track having an inner surface which is generally flat when taken across the 
transverse dimension of the track. 

Another conventional structure includes a coiled metal spring as an outer track- 
engaging surface of the wheel assembly, held in place by a separate side flange 
which extends upwardly above the track-engaging outer surface of the wheel 
assembly. 

Yet another conventional structure teaches spacer sleeves extending through, 
and apparently molded into, the elastomeric tire material and receiving bolts which 
extend between retaining rings on opposing sides of the tire, and wheel, through the 
spacer sleeves, thereby to hold the tire to the wheel. 
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All the above structures are quite complex, including associated cost, both of 
manufacturing such structures and of maintaining such structures. 

In a known simpler design, for mid-roller wheel assemblies, a non-pneumatic 
rubber tire is adhesively mounted to an outer surface of a wheel, thereby to provide 
a relatively low cost wheel assembly. The wheel has an outer surface which receives 
the inner surface of the tire. Such adhesively-mounted tire can separate from the 
wheel under the severe operating conditions in which such vehicles are commonly 
used; and such separation requires replacement of both the tire and the hub. 

It is an object of this invention to provide a relatively less complex wheel 
a"s"sembty~wh^ 
less complex wheel. 

It is another object to provide such wheel assembly wherein the tire can be 
replaced without replacing the wheel. 

It is still another object to provide such wheel assembly wherein the tire is held 
on the wheel by a side flange mounted to the wheel, and wherein no portion of the 
mounting structure passes through the tire so as to require an aperture extending 
transversely through the tire, outside the inner surface of the tire. 

Still another object is to provide such wheel assembly wherein tire defines the 
entirety of the width of the outer surface of the wheel assembly. 
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SUMMARY 
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This invention contemplates a wheel assembly for use in an endless track drive 
system. The wheel assembly comprises a tire comprising a tire bociy . The tire body 
comprises elastomeric material composition. Structurally, the tire body comprises a 
tire exterior. The tire exterior comprises an inner surface, an outer surface, first and 
second respective side surfaces extending generally from the outer surface toward 
the inner surface, and first and second recesses in the exterior of the tire body 
between the inner surface and respective ones of the side surfaces. The first and 
second~re"c"ess"es^e"achn d^Jirg^^dB^adrrg~recess surface fhereofT - THe^tire body 
further comprises a plurality of cables proximate the inner surface of the tire body, 
embedded in and surrounded by the elastomeric material, the cables in combination 
limiting radial stretching of the tire. 

The wheel assembly further comprises a wheel having an inner flange defining 
a central opening for mounting the wheel to an axle through a wheel hub, for rotation 
of the wheel and hub with respect to such axle, and an outer flange having first and 
second opposing sides, and an outer surface corresponding to an outer surface of the 
wheel. The outer surface of the wheel receives the inner surface of the tire thereon 
at a wheel-tire interface. The inner surface of the tire and the outer surface of the 
wheel are cooperatively sized and configured such that the tire can be mounted on 
the wheel with a snug fit. The outer surface of the outer flange comprises a first 
lesser diameter portion extending from the first side of the wheel toward the second 
opposing side, along at least 60 percent, preferably at least 70 percent, more 
preferably at least 80 percent, of the width of the wheel between the first and 
second side edges. The lesser diameter surface portion has a first lesser diameter. 
The outer surface of the wheel further comprises a second greater diameter portion, 
which comprises a first side flange at the second side, integral with the outer flange 
of the wheel. The first side flange has a second diameter greater than the first 
diameter, and comprises a first abutment surface facing toward a center of the outer 
surface and abutting the side-facing recess surface of the first recess in the tire. A 
web connects the inner flange of the wheel to the outer flange of the wheel. 

As a separate and distinct element, the wheel assembly comprises a second 
side flange disposed against the second side of the outer flange of the wheel. A 
second abutment surface on the second side flange faces toward the center of the 
outer surface of the outer flange. The second side flange is removably mounted to 
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the outer flange of the wheel by fasteners. The second abutment surface abuts the 
side-facing recess surface of the second recess in the exterior of the tire. 

The difference between the magnitudes of the first and second diameters is 
greater than the radial stretch capability of the combination of the cables and the 
elastomeric material forming the tire, thereby to prevent transverse movement of the 
tire off the wheel while the second side flange is mounted to the wheel. 

In preferred embodiments, the cables are steel cables. 

Also in preferred embodiments, the outer surface of the tire defines the 
entirety of an outer surface of the wheel assembly. 

Furth~er _ to™prefmT^He^ 
therethrough for affixation of the tire to the wheel. 

Still further to preferred embodiments, the wheel assembly is free from 
adhesive at the wheel-tire interface. 

Yet further to preferred embodiments, the second side flange comprises an 
annular body having apertures therein, receiving fasteners removably affixing the 
annular body to the first side of the outer flange, and an annular top leg extending 
from the annular body toward a central portion of the outer surface of the outer 
flange, between the outer surface of the outer flange and the inner surface of the 
elastomeric tire at the second recess. The fasteners preferably extend through the 
apertures in the second side flange and into preferably blind apertures in the side of 
the outer flange of the wheel. 

In preferred embodiments, the outer flange has a relatively greater first width 
between a center-line, extending through and centered along the wheel web 
perpendicular to the lesser diameter portion, and the second side edge at the first side 
flange, and a relatively lesser second width between the center-line and the first side 
edge. 

Yet in preferred embodiments, the combination of the second width of the 
outer flange, plus a width of the second side flange, is approximately equal to the 
first width. 

Preferred material for the elastomeric material in the tire comprises a rubber 
compound. 

In preferred embodiments, the first and second abutment surfaces form angles 
"a", with the lesser diameter portion of the outer surface of the outer flange of no 
more than about 1 35 degrees. A leg of each such angle "a" is disposed between the 
respective abutment surface and the center of the outer surface of the outer flange. 
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. The invention further comprises an endless track drive system, comprising a 
prime mover such as an internal combustion engine or an electric motor, an endless 
track mounted about a plurality of wheel assemblies defining a path therefore, and 
a drive train transferring drive power from the prime mover to at least one of the 
wheel assemblies, at least one of the plurality of wheel assemblies comprising a 
wheel assembly as described above. 

The invention also contemplates a tracked vehicle comprising a frame, a prime 
mover, a track assembly, and a drive train transferring drive power from the prime 
mover to the track assembly, the track assembly comprising an endless track and a 
plurality"of"wheehas^ 

least one of the wheel assemblies as described above. 

Wheel assemblies of the invention are preferably used as mid-wheel rollers, 
idler wheel assemblies, and/or tensioning wheel assemblies. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



FIGURE 1 shows a side pictorial view of a tracked agricultural vehicle 
employing the invention. 

FIGURE 2 shows a pictorial view of a wheel assembly used in track drive 
systems of the invention. 

FIGURE 3 shows a cross-section of a novel wheel assembly of the invention 
and is taken at 3-3 of FIGURE 2. 

0* ~ Theinventionis-not^ 

the arrangement of the components set forth in the following description or illustrated 
in the drawings. The invention is capable of other embodiments or of being practiced 
or carried out in other various ways. Also, it is to be understood that the terminology 
and phraseology employed herein is for purpose of description and illustration and 
should not be regarded as limiting. Like reference numerals are used to indicate like 
components. 
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DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 



Referring to FIGURE 1, a tracked agricultural tractor 10 includes a frame 12, 
an operator cab 1 4, a track assembly 1 6 including a track 1 7, an engine 1 8, <a drive 
train 20 which transfers power from the engine to the track assembly, and various 
controls 22 in the cab for controlling the driving and other operations of the tractor. 

Track assembly 16, shown on the left side of the tractor, includes a drive 
wheel assembly 24, an idler wheel assembly 26, and mid-roller wheel assemblies 28, 
three of which are shown. A complementary second track assembly 1 6 (not shown) 
0 is-located~on^he~right~s^^ 

combination, are used to support, drive, and steer the tractor. 

Drive wheel assemblies 24 are used to drive the tractor, and are typically used 
in steering the tractor, as well as in supporting the tractor from the ground. The 
drive wheel assemblies are generally more robust, larger, and more complex than 
either the idler wheel assemblies or the mid-roller wheel assemblies. 

Idler wheel assemblies 26 are generally larger than the mid-roller wheel 
assemblies, in order to tolerate the steering stresses placed on the idler wheel 
assemblies, as well as the stresses of turning the track about an angle approaching, 
but typically less than, 1 80 degrees. Accordingly, while the idler wheel assemblies 
must be reasonably robust, the idler wheel assemblies do not need structure involved 
in driving the tractor, whereby the idler wheel assemblies can typically be less robust 
than the driving wheel assemblies. 

Mid-roller wheel assemblies 28 are positioned between a driving wheel 
assembly and a respective idler wheel assembly, and support the track from the 
frame thus to expand the effective ground-engaging area by which the track supports 
the tractor from the ground, thereby to limit e.g. the ground loading, compression 
effected by the tractor. 

Referring now to FIGURES 2 and 3, a wheel assembly 30 includes a wheel 32, 
a tire 34, and a retaining flange ring 36. Wheel 32 includes an inner flange 38 for 
interfacing with a wheel hub (not shown), an outer flange 40, and a web 42 
connecting the inner flange to the outer flange. 

Inner flange 38 generally defines a cylindrical opening for receiving a hub, a 
shaft, and the like. The inner flange configuration is generally not critical to operation 
of the invention whereby a wide variety of inner flange configurations can be used 
in the invention. 
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The design of web 42 is generally not critical to operation of the invention 
whereby web 42 can be any known design. 

The structure of outer flange 40, and the structure of tire 34 7 are critical to the 
invention. As seen in FIGURES 2 and 3 collectively, outer flange 40 has an outer 
surface 44 which corresponds in diameter generally to the diameter of the outer 
surface of the wheel. The outer flange further has a right side 46 and an opposing 
left side 48. 

Outer surface 44 includes a first greater diameter portion 50 and a second 
lesser diameter portion 52. According to the illustration of FIGURE 3, greater 

~dfam~ereT - p^ 

left from the distal edge of side 46, thus to define a portion of the outer surface 44 
of the outer flange. The greater diameter portion 50 has a first width "W1 " which 
extends along less than 40 percent of a second overall width "W2" of the outer 
surface of outer flange 40, and thus along less than 40 percent of the width of wheel 
32. Typically, the greater diameter portion 50 extends along about 10 percent to 
about 30 percent, preferably about 20 percent to about 25 percent, of the width of 
the wheel. Correspondingly, the lesser diameter portion of the outer surface 
generally comprises at least 60 percent, up to about 90 percent of the width "W2" 
of the outer surface, preferably about 70 to about 80 percent, including about 75 
percent, of the outer surface. 

At the left edge of greater diameter portion 50, the outer surface of the outer 
flange extends downwardly to the lesser diameter portion, at a perpendicular angle 
"a1 " to the lesser diameter portion, thus to form an abutment surface 54, a leg of 
the angle being disposed between the abutment surface and the center of the outer 
surface of the outer flange, thus defining abutment surface 54 for interfacing with 
tire 34 as discussed further hereinafter. The above-described structure of the greater 
diameter portion of the outer surface effectively defines a first side flange 55 which 
is integral with the outer flange, wherein the side flange is in part defined by the side 
surface of the outer flange and is in part defined by the outer surface of the outer 
flange. Where desired, greater diameter portion 50 can include greater and/or lesser 
diameter portions along the width between abutment surface 54 and side 46. Such 
variations are generally diameters greater than the nominal diameter of lesser 
diameter portion 52. 

The lower portion of abutment surface 54 intersects lesser diameter portion 
52 of outer surface 44. Lesser diameter portion 52 extends from abutment surface 
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54 toward left side 48 of outer flange 40. In the embodiment shown, the lesser 
diameter portion has a constant diameter, and extends uninterrupted to side 48. 
Where desired, lesser diameter portion 52 can include greater and/or lesser diameter 
.portions along the width between abutment surface 54 and side 48. Such variations 
are diameters less than the nominal diameter of greater diameter portion 50. 

As illustrated in FIGURE 3, retaining flange ring 36 has an annular first side leg 
56 in surface-to-surface contact with side 48 of the outer flange of wheel 32, and 
a second annular top leg 58 extending perpendicular to the upper edge of side leg 56 
and toward a central region of outer surface 44. Top leg 58 terminates at a second 
-abutmenrsurface-60-wtt 

to the lesser diameter portion, a leg of the angle being disposed between the 
abutment surface and the center of the outer surface of the outer flange. 

Considering the structure disclosed, and in order to provide a symmetrical 
mount for tire 34, considering the thickness of side leg 56, the outer flange has a 
relatively greater width between center-line "C," which extends through and is 
centered along the web perpendicular to the lesser diameter portion, and side 46 of 
the outer flange, and a relatively lesser width between the center-line and second side 
48. The difference between the greater width and the lesser width is made up by the 
thickness of leg 56, whereby the underlying support surface provided to the inner 
surface and recesses of tire 34 represent a symmetrical underlying support to tire 34. 

Retaining flange ring 36 is mounted to side 48 of outer flange 40 by a plurality 
of bolts 62 which extend into blind threaded apertures 64 in side 48 of the outer 
flange. While apertures 64 can extend entirely through outer flange 40 to side 46, 
such is not necessary as suitable securement can be achieved by the blind threaded 
apertures shown. Similarly, it is noted that since no fasteners pass through the tire, 
no fastener material, e.g. sleeves or the like, need be molded into the tire to facilitate 
mounting the tire to the wheel. Correspondingly, the tire is free from fasteners 
passing through the tire for affixation of the tire to the wheel. 

Retaining flange ring 36 thus, as a separate and distinct element, defines a 
second side flange 57 at top leg 58, adjacent the outer surface of the outer flange 
of wheel 32, and opposite the first flange 55 defined at greater diameter portion 50. 
The length of top leg 58 of the second side flange defines a width "W3" of the 
second side flange. Preferably, widths "W1 " and "W3" of the first and second side 
flanges represent a common dimension, thereby to present a symmetrical composite 
surface to tire 34. 
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Referring especially to FIGURE 3, tire 34 is a non-pneumatic, unitary article. 
The tire has an exterior which defines an inner surface 66, an outer surface 68, first 
side surface 70, second side surface 72, and first and second recesses 74 and 76 
extending inwardly of the tire between the inner surface and respective ones of the 
side surfaces. In the illustrated embodiments, and as preferred, the outer surface of 
the tire defines the entirety of the outer surface of the wheel assembly. 

Recesses 74 and 76 in tire 34 define respective side-facing surfaces 78, 80 
which interface with abutment surfaces 54, 60 of the side flanges. Such interfacing 
of the side-facing surfaces of the tire and the abutment surfaces of the wheel 
"stabiiizes^^ — —■ 

A plurality of cables 82, such as steel cables, nylon cables, or polyester cables, 
are embedded in, molded into, tire 34 adjacent inner surface 66 of the tire. Such 
cables can represent single or multiple strand cable material, woven cable elements 
and/or nonwoven e.g. randomly formed webs of cable material. 

Elongation properties of cables 82 are such as to limit expansion of the 
diameter of the tire at inner surface 66. The diameter of the cable material is 
sufficiently small that the longitudinal axis of the cable is below the tops of the side 
flanges, such that retention action of the side flanges acts outwardly, in the wheel 
assembly, of the center of mass of the cables, whereby the cooperative interaction 
between the side flanges and the tire, in combination, tends to urge the cables 
toward the outer surface of the wheel. In accord with such interface, the inner 
surface of the tire is discouraged from expanding to the outer diameter limits of the 
side flanges, whereby the side flanges are effective to retain the tire transversely 
stable on wheel 34. To that end, preferred cable material can be selected from 
among those materials known for use in tires. Steel cables are preferred. 

Overall, the stretching capabilities of the tire elastomeric material and the 
limited stretching properties of the cables, in combination, are effective to prevent 
the tire from stretching radially so as to increase the diameter at the inner surface 
enough to enable the tire to translate transversely over one of the side flanges and 
thus off the wheel. 

In the context of retaining the tire transversely stable on wheel 34, the 
magnitudes of angles "a1 " and "a2" can be as small as about 45 degrees up to as 
great as about 1 35 degrees. Below 45 degrees, the wearability of the interface can 
tend to be limited. At greater than 1 35 degrees, the abutment interfaces can enable 
the tire to slip up and over one of the side flanges during use of the wheel assembly. 
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Preferred angles are between about 60 degrees and about 120 degrees. More 
preferred angles are about 75 degrees to about 105 degrees. The illustrated angles 
are 90 degrees. 

In an embodiment (not shown), side surfaces of the tire and the flanges can 
be designed with any of a wide variety of cooperative interfacial surface structures 
so as to positively lock the tire to the side flange interfaces. 

While adhesive can be used at the interface between the outer surface of the 
wheel and the inner surface of the tire, and while compatible such adhesives are well 
known in the art, no adhesive need be used in the invention. Indeed, adhesive is 
^preferably-notused- — — 

Rather, securing a suitable interface between the tire and the wheel is achieved 
by selecting suitable cooperative diameters for the inner surface of the tire and the 
outer surface of the wheel as well as by selecting suitable materials for both the 
wheel and tire. Such suitable interfacial diameters optionally include a difference in 
diameter, with the diameter of the inner surface of the tire being the greater of the 
diameters by e.g. about -0.02 inch to about +0.04 inch. The maximum range of 
differences depends on the radial elongation, e.g. diameter expansion, capabilities of 
the tire. Where there is an interference fit, the tire is stretched appropriately when 
installed on the wheel and then is allowed to resiliently relax thereby to firmly grip the 
wheel by friction. Where there is a positive diameter difference, some modest 
slippage is tolerated between tire and wheel when no load, or a modest load, is being 
applied to the wheel assembly. 

Whatever the relationships of the diameters of the tire and wheel, the critical 
relationship is that the tire should not be so loose as to be readily pushed off the 
wheel with the second side flange secured in place. 

Tire 34 is mounted to wheel 32, starting with the retaining flange ring removed 
from the wheel. The tire is slid transversely onto the outer surface of the outer 
flange, from the direction of second side 48. In the process, the tire is expanded as 
necessary to account for and accommodate any interference in the fit between tire 
and wheel. The tire is slid along outer surface 44 until side facing surface 78 of the 
tire comes into abutting relationship with abutment surface 54 of first flange 55, 
whereby the first flange comes into a full, or generally full interfacial relationship with 
the first recess. Retaining flange ring 36 is then installed over side 48 of the outer 
flange such that top leg 58 of the flange ring comes into preferably full surface-to- 
surface engagement with second recess 76 of the tire. Bolts 62 are then installed 
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through ring 36, fixedly securing ring 36 to wheel 34. With ring 36 thus in place and 
secured as the second side flange, the tire is fixedly held against transverse 
movement by the side flanges, and is prevented from undesirable radial expansion by 
cables 82. 

While tire 34 is preferably not adhered to the wheel, the wheel and tire are still 
caused to act as a single unit when a load is applied as between the track and the 
wheel assembly. In such loaded environment, the radial loading applied by the track 
against the outer surface of the tire causes frictional engagement between the outer 
surface of the wheel and the inner surface of the tire. Those skilled in the art can 
^select ~suitable~rubber~or~other™elastom 

polyurethane polymers, for use in the tire body, to obtain desirable properties of 
resilience to e.g. cushion shocks otherwise transmitted from the ground throughout 
the vehicle, and friction engagement between the wheel and the tire, and between 
the tire and the track. 

As a corollary to the above installation procedure, to replace the tire, bolts 62 
are removed, flange ring 36 is removed from the side of wheel 32, the tire is slid 
transversely off the wheel, and a new tire is installed as discussed above. 

Wheel assemblies of the invention, as described above, are well suited for use 
as mid-wheel rollers 28. The inventor also contemplates use of wheel assemblies of 
the invention as idler wheel assemblies and as tension wheel assemblies. Where the 
invention is used as idler wheel assemblies, leading idler wheel assemblies are 
contemplated, which assist in steering the tractor or other vehicle. 

Those skilled in the art will now see that certain modifications can be made to 
the apparatus and methods herein disclosed with respect to the illustrated 
embodiments, without departing from the spirit of the instant invention. And while 
the invention has been described above with respect to the preferred embodiments, 
it will be understood that the invention is adapted to numerous rearrangements, 
modifications, and alterations, and all such arrangements, modifications, and 
alterations are intended to be within the scope of the appended claims. 

To the extent the following claims use means plus function language, it is not 
meant to include there, or in the instant specification, anything not structurally 
equivalent to what is shown in the embodiments disclosed in the specification. 



